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ABSTRACT—

Industrial projects requiring high complexity operate mostly through effective risk management practices. Risk management techniques enable project completion
while protecting workers from accidents along with improving operation output. This study evaluates hazard identification and risk assessment critical
methodologies found in industrial settings through analysis of Safe Work Analysis (SWA) and the Hazard Identification and Risk Assessment (HIRA) Matrix
assessment instruments. Organizations can prevent potential risks with these tools which help create safer work areas and better safety regulation compliance. The
research demonstrates how SWA supports risk reduction by involving workers and delivering continuous safety instruction even though the HIRA Matrix enables
organizations to comply with occupational safety guidelines. This paper examines current frameworks to demonstrate effective risk management practices while
analyzing methods for integrating these approaches into security cultures of organizations. The analysis enhances knowledge about frameworks for managing risk
to result in enhanced operational outcomes together with enhanced safety measures.

Keywords—Hazard Identification And Risk Assessment Matrix, Safe Work Analysis, Theoretical Assessment Model.

1. Introduction

Industrial projects across sectors evolve fast which requires proper methods to manage potential risks that threaten safety performance and productivity
together with project completion outcomes. Risk management stands as a fundamental operational procedure worldwide especially within industrial
facilities which present complex high-scale operational conditions. The paper evaluates risk management approaches in industrial facilities by
investigating identification methods for hazards alongside risk evaluation techniques and protective measures.

The critical element of sound risk management relies on the Safe Work Analysis (SWA) which methodically detects hazards that could surface from
different work tasks and job phases. SWA provides risk minimization benefits to organizations and enhances work safety cultures through its approach
of worker involvement in risk assessment procedures. Work commencement must wait until personnel evaluate all risk assessments which shows how
proactive risk assessment guarantees safety standards while performing work. The SWA functions both as an initial base for continuous development
through its safety method implementation in training disciplines to improve workplace operational excellence and worker participation.

The Hazard Identification and Risk Assessment (HIRA) Matrix operates as a parallel crucial instrument for conducting risk management tasks. The HIRA
Matrix serves as a systematic method to recognize operations hazards and evaluate risks which supports OHSAS 18001:2007 safety compliance standards.
The tool plays a fundamental role in managing complicated risks that appear in critical safety environments while helping businesses meet their health
and safety requirements. Workers receive protection along with operational success through the necessary steps of risk identification followed by
evaluation and mitigation made possible by the HIRA Matrix framework.

Risk management plays a vital role in industrial projects thus it becomes essential to use systematic risk identification approaches while building these
tools into overall safety culture frameworks of organizations. Both theoretical and practical assessment models such as Theoretical Assessment Models
(TAM) create a full-t Spectrum of risk management perspectives. These frameworks provide essential links between risk evaluation and safety-related
solutions which produce useful applications to boost operational performance and protect workers from harm.

ARESS (IC-CIST 2025)

This paper examines essential concepts by evaluating scholarly materials while finding active practices in industrial implementations and their
organizational use. The research examines the intricate attributes of controlling substantial industrial operations by analyzing how project intricacy
together with stakeholder interaction dynamics affects risk administration results. The educational goal seeks to provide a complete understanding of risk
management procedures
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which industry projects in multiple sectors can utilize to achieve high safety and operational effectiveness while reaching their targets.

2. Safe Work Analysis (SWA)

It is a method to identify the hazards that generate risks of potential accidents or illnesses related to each stage of a job or task and the development of
controls that somehow eliminate or minimize the risks. Likewise, all work requires risk analysis and no work will be started without doing the safe work
analysis.

The SWA must be reviewed by all those involved prior to carrying out the work, which can be suspended when the Safe Work Analysis was not done or
the controls established in it are not met. The purpose of the job analysis is to identify the risks associated with each stage of the execution of a given job,
which can potentially cause an incident and develop solutions for each risk that allow them to be eliminated or eliminated. According to Law No. 29783,
Law on Safety and Health at Work.

A.  Objectives of Safe Work Analysis (SWA)
e Analyze workplace hazards during work planning (review work conditions).
e  Establish controls and/or preventive measures necessary for identified hazards.
e  Motivate worker participation.
. Improve the safety culture at work.
B.  Benefits of Safe Work Analysis (SWA)
e Allows the identification of previously undetected risks and increases knowledge of the job.
. Increases knowledge of safety and health, improves communication and promotes acceptance of safe work procedures.

e Once completed, it serves as a basis for developing many other safety training activities.

3. Hazard Identification and Risk Assessment Matrix (HIRA Matrix)

Organizations use the HIRA Matrix effectively for hazard identification when examining professional accidents and health issues. The HIRA Matrix
functions both as an essential hazard identification and risk assessment tool and an effective management system to help organizations carry out hazard
identification and risk assessment following operational activities. The tool plays an essential role in health and safety standards compliance by following
occupational health and safety regulations specifically OHSAS 18001:2007 requirements.

A.  HIRA Objectives
e  Training and educational programs use this process to make their arrangements.
e Planning of regulatory compliance becomes possible through this system.
e  The tool provides valuable assistance for managing facility inspections at the organization.
e  The system joins forces to conduct program strategy sessions while managing resource distribution.
e Risk control measure procedures become easier to establish thanks to this approach.
B.  Importance of the HIRA Matrix

A HIRA matrix functions effectively when its recorded data remains accurate and reliable to offer organizational safety management a crucial
enhancement tool. The implementation of the matrix requires several sequential elements for success.

. Each process requires verification of its established objectives as well as goals.

e  Training the staff who work on these processes should be adequate and proper.

e The process requires methods which evaluate and measure all risks.

e  The organization should foster awareness about risks throughout all its departments.

. Ensuring robust internal controls.

e  The program requires process organization combined with criticality assessment for all processes.
. Defining responsibilities for each process and activity.

e  The organization needs to evaluate how well the implemented risk reduction controls perform.
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C. Regulations
. Law No. 29783, Law of Safety and Health at Work.
. D.S. No. 005-2012-TR, Occupational Health and Safety Regulations.

. OHSAS 18001:2007, Occupational Health and Safety Assessment Series.

4. Literature Review

The literature review on risk and its management appears throughout this section. Any industrial project includes unavoidable risks yet these risks differ
in dimensions across different projects.

Operations of specific industrial sectors experience high vulnerability to substantial risks due to their complex and large-scale nature which leads to
extensive and multifaceted risks. The investigation emphasizes techniques that measure and handle these types of industrial dangers particularly in
operations where high stakes are involved. Different research methods have studied risk evaluations according to their methodology to determine
assessment criteria for evaluating risk severity in organizational operations [1].

The subsequent part of this section examines methods to handle the identified risks. A proactive risk management approach originates from planning the
appropriate response measures first. The literature contains extensive research about risk response methods to reveal which factors guide appropriate
response choices and teaches managers and team’s effective implementation practices [2].

The examination takes into account both industrial sector operational complexity in general terms and detailed operational mosaic within distinct business
domains. The discussion shows how operational complexity shapes both risk relationships and the process of risk response implementation [1].

Risk as a modern theoretical definition materialized recently even though people have long been aware of potential unintended losses. Risk originates
from Latin and extends through French and Portuguese and German language background before it found its way into various other linguistic traditions
according to the Oxford English Dictionary records. Risk has formal definitions in three areas according to the dictionary which establish its accepted
meaning.

e  Exposure creates potential harm and property damage as well as physical injuries (exposure-related aspect).
e  The execution of a harmful task or procedure counts as a risk (hazard-related)

The nature of risk appears autonomously with every process and produces positive or adverse results based on the specific risk factors within the
framework. The definition of risk in industrial environments focuses on future events together with their obtained results which remain uncertain. Risk
contains “future events and outcomes' uncertainty" according to the authors of [3] through two fundamental evaluation factors that indicate probability
of occurrence and severity of consequences. Risk assessment based on these two factors enables understanding of all possible outcomes from the event
which may have negative or positive effects.

Assessing operational risk demands an understanding that it generates results that can be both beneficial and detrimental in nature. Risk behaves as an
economic agent as indicated by the authors of [4] since risk management decisions determine whether financial loss or gain occurs. Additional research
takes an unfavorable perspective to discuss exclusively how risks generate financial declines and operational interruptions [5]. The research will delve
mainly into the adverse effects that risk events create.

The identification of particular risk events becomes essential for industrial project success as we apply risk principles to achieve organizational goals.
Risk is a defined term by the authors of [6] as an event that has the potential to impact project goal accomplishment. Risk events extend beyond chance
events since they substantively relate to the work objectives [7]. Project outcomes need effective risk management through the implementation of a
complete risk framework to control their effects.

Risk management executes in four distinct phases starting from risk identification through risk assessment to risk response and finishing with risk control.
Multiple investigations have studied these framework stages through extensive analysis to show that different industries need specific risk management
approaches. Audits of both generic risk challenges alongside unique industrial threats which need specific management techniques exist according to the
authors of [8]. Researches have introduced multiple assessment procedures to evaluate future risks through loss measurement techniques [1].

ARESS (IC-CIST 2025)

Different research studies present specific risk management actions within particular contexts beyond generic discussions of response strategies which
include escalation, avoidance, transfer, mitigation and acceptance [9]. Recent academic studies on this topic are summarized in the subsequent sections
about their treatments of each stage.

Risk Identification: At the beginning of risk management the identification and documentation of industrial operational potential events along with their
risks forms one of the fundamental stages. Multiple techniques to detect industry-related risks have been analyzed by scholars who present specific
strategies to identify risks within different industrial settings [10] [11] [12]. There exist several recognized approaches for identifying risks which are
presented in the following list:
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Brainstorming: Groups use brainstorming as a widely accepted approach for idea creativity during collaborative work. The authors of [10] indicates that
group discussions under this system enable teams to detect main operational risks. The participants assemble concepts relating to possible project risks
under facilitation leadership. While this process supports unrestricted idea-sharing it may produce non-relevant dangers among the generated risks.
Facilitators maintain strategic importance because they guide risk assessment sessions to prioritize important risks among many possibilities.

Delphi Technique: The Delphi technique differs from brainstorming because it obtains expert opinions even though participants are not located together.
These experts maintain independent work relations because initial contact between them does not exist. The facilitator organizes all risk evaluations
provided by experts into one compilation that gets sent back for enhanced assessment from the entire group according to [12]. Tracking a standard number
of repetitions leads this procedure to eventually reach total expert agreement about project risks.

PESTEL Analysis: Officials use PESTEL analysis to identify external risks that affect their project or organization. The PESTEL model includes political,
economic and socio-cultural, technological as well as environmental and legal components. The evaluation of six general classifications helps experts
establish a thorough assessment of external risks for projects and industries [1]. The identification of external threats affecting stakeholders begins with
this evaluation method because these risks emerge directly or indirectly within the external environment.

Content Analysis: Content analysis provides a method according summarize different written materials and media for locating recurring themes and
risks. The method organizes content information through the detection of particular thematic patterns. The method allows professionals to evaluate
industry risks through the study of media reports and stakeholder interviews and industrial publications regarding risk management strategies. The method
proves useful for industrial risk identification because it helps understand potential dangers which exist within manufacturing and technology production
environments [13].

Expert Ideas: The identification of potential risks becomes essential by expert opinions specifically in fields lacking sufficient published risk management
knowledge. Expert insights from steel manufacturing operations assist in finding risks which specific steel industry operations face but may be under-
documented. Professional insights from interviews and direct consultations with field experts serve as a main source to collect this information [14].

The research adopted a consolidated strategy from established methods to detect external and internal risks within complex manufacturing industries.

Risk Assessment: After risks rise to the surface, they require assessment through which teams determine how much influence they will have on the project
or organization. Risk assessment exists in two variants between qualitative and quantitative analysis based on the precision needs for decision-making
[11].

Qualitative Risk Assessment: This method proves most useful for determining priority risk levels along with selecting the optimal response. Evaluation
of risk likelihood and severity allows project managers and decision-makers through this method to establish the order of risk management [15]. According
to the authors of [10] qualitative risk assessment provides adequate data to decide if additional investigation or prompt action should occur regarding
specific risks.

Quantitative Risk Assessment: The detailed aspect of it includes specific risk measurement procedures. Projects need this method to calculate exact data
points particularly when determining budget reserves and scheduled impact requirements to protect against risks [16]. The analysis of quantitative data
provides detailed comprehension of risk-induced financial damage and operational disruptions that help organizations distribute necessary funds and
create backup strategies.

Probabilistic Evaluation Combined with Impact Evaluation Makes up Risk Assessment: Assessing risks remains vital for industrial organizations that
must handle possible security threats. According to [16], risk event severity evaluations require analysis of two fundamental elements including the
probability of occurrence and potential consequences that typically measure as loss magnitude. Measuring risk impact on project objectives requires
multiplication of these two evaluation factors. The formula describing this relationship appears as follows:

Risk Impact = Probability of occurrence X Impact of the event (1)

Multiple research studies and authors have investigated risk as a combination of chance factors and impact evaluation [17] [18] [19]. Studies show that
the "PI Factor" serves as a quantitative measurement of risk through multiplying hazard likelihood with predicted event effects according to the authors
of [20].

PI Factor = Probability of risk X Impact of risk (2)

A combination of probability and severity through geometric mean calculation can better quantify the total effect of risk events according to certain
scholars.

Impact of Risk Event = \/(Probability of occurrence x Severity of consequences) 3)

The Risk Significance Index (RSI) entered the risk assessment field according to the authors of [21]. The authors of [22] initially developed this index.
The Risk Significance Index produces its significance score through multiplication of individual probability and impact assessments gathered from
respondents. The formula is as follows:

Risk Significance Index (r;;) = a;; X Bi; (4)

Where:
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. a;; = Probability of risk i as assessed by respondent j
e [ = Impact of risk i as assessed by respondent j
e 1y = Significance score of risk i on project objective k.

The overall risk index (R;) emerges from averaging the significance scores obtained from multiple respondents.

Overall Risk Index (R;) = W”Txﬂ”) (5)

Through expert input integration the approach creates comprehensive risk priority decisions since it evaluates significance at various angles.

The authors of [23] developed an assessment approach for risk evaluation in their project performance research. The model calculates "Risk Level" for
time or cost elements through probability assessments combined with influence measurements of their impact on time or cost with weighted valuation of
each risk factor.

Risk Level (RL) =w X P x1I (6)
Where:
e RL =Risk level for time or cost
e w =Weight of each risk's importance on time or cost
e P =Probability of the risk event occurring
e [ =Impact of the risk on time or cost

For this research the authors adopt the risk assessment model introduced by the authors of [24] and [25] in their infrastructure project risk assessment
studies. The researcher applied geometric mean calculation to determine Risk Potential Scores based on an effective evaluation of probability and severity
factors.

An important advantage of the geometric mean provides the justification for its use. The authors of [26] demonstrates that the geometric mean serves
effectively for risk evaluation since it works better than other methods on skewed data distributions and smaller sample sizes with ratio data types. Data
sets containing skewness or imbalance are better represented by geometric mean instead of arithmetic mean since extreme values do not affect its results.
Furthermore, the geometric mean allows for consistent scaling of risk metrics alongside probability and impact factors.

Approaches to Risk Response: Investigating risk probability factors and their potential consequences leads organizations to develop proper responses
for these risks. Organizations select among various available options to develop action plans that either reduce risks or capitalize on potential risks. In
accordance with existing research from [27] and [28] the risk response process requires identifying the optimal potential actions to reduce threats alongside
taking advantage of new opportunities that emerge from risks.

Industrial risk factors show themselves as either hazards which lead to adverse outcomes or chances which generate advantageous outcomes. The present
discussion concentrates on threat management since threats tend to adversely affect operational goal achievement. The key approaches for handling risks
exist as explained in the following sections.

ARESS (IC-CIST 2025)

Escalation: An organizational risk gets escalated when project teams or their managers detect that needed interventions exceed their established authority.
Managers at higher organizational levels receive these risks for resolution purposes. After escalation the original project members cease responsibility
for risk management of that particular issue. Raising a risk to the next level of management is not studied here because of its inappropriateness in this
setting.

Avoidance: The fundamental idea behind risk avoidance demands complete removal of potential risks or full protection of the project area from their
repercussions. The project scope gets modified and objectives shift and strategy changes are made to eliminate identified risk completely. The project
plan might undergo modifications as avoidance actions to minimize possible adverse results from occurring.

Risk Transfer: When the project owner decides to delegate risk management authority to a third party the process becomes known as risk transfer. In the
risk transfer, one opts for either financial agreements with external parties who will accept risk responsibility or insurance solutions that shield against
potential financial losses. The transfer strategy works best when a third party demonstrates better resources along with more expertise for handling risks
effectively [29].

Mitigation/Reduction: The goal of risk mitigation focuses on lower two aspects of the risk profile: decreasing its probability to happen and minimizing
its resulting damage. The main goal in this process is to lower the chance of risk occurrence. When reducible probability does not exist organizations
concentrate on minimizing severity by controlling the influence factors [30]. Risk control through this method depends on implementing preventive
measures together with operational process improvements to decrease exposure to risks.

Acceptance: Accepting the risk becomes the best response when either other control methods prove unfeasible and when their cost-effectiveness fails to
meet organizational needs. When risks get approved the main response consists of basic observation with no special procedures beyond normal
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supervision. Organizations practicing active acceptance allocate financial resources for risk-related expenses which will become necessary in case the
identified risks actually appear. The main activity within passive acceptance limits itself to observing and tracking the risk while excluding proactive
measures.

Risk Control: Continuous Monitoring: The final and continuous phase of risk management exists in risk control. The identification of risks gets followed
during the entire project duration and factory operation cycle to determine proper response execution and sustained effectiveness. The strategy
incorporates both observation of persistent threats and detection of fresh safety concerns which develop throughout the project course. Risk control
functions continuously throughout the entire period of project operation and project lifetime [31].

The distinction between internal and external operational matters becomes significantly obscure in businesses that conduct various operations thereby
increasing their exposure to multiple risks. Large projects face significant threats which result in delays as a regular problem during project execution.
The study conducted by the authors of [32] examined large-scale industrial projects to identify risk factors that delayed operations and confirmed poor
project management and unscheduled external events and sluggish decision cycles and client-imposed alterations as main contributory factors. The study
demonstrated the need to identify risks actively before providing evidence of how all project stakeholders namely clients and contractors and consultants
play a role.

The authors of [33] conducted research on major industrial project risks which revealed market-related risks became the main concern. Completion-
related risks as well as institutional threats which included political instabilities and regulatory changes proved to be noteworthy concerns during project
implementation. The identified risks created substantial obstacles for clients to achieve deadline and project objective fulfillment particularly when market
volatility was high.

Internal risks maintain stability between local and international projects but international projects encounter supplementary external dangers according
to the authors of [34]. Foreign market projects have extra risks due to unfamiliarity with political, economic, and social environments and procedural
difficulties and regulatory hurdles. The authors established an essential point about recognizing these risks during early project phases to prevent project
disruptions.

The authors of [35] examined the different types of perils that affect stakeholders participating in massive industrial projects. Their research documented
20 essential risk factors mainly due to contractor and client and designer activities. The study analyzed the risks stemming from both government bodies
as well as subcontractors and suppliers together with economic and social elements affecting their operations.

The research by the authors of [36] examined 37 Asian PPP project risk factors that influence public-private partnership developments. Researchers
analyzed 17 critical risk factors which they organized into operational, institutional financial and other risk groups. This body of work delivered essential
findings about the particular problems that arise from PPP projects in developing economies.

The authors of [37] presented a risk classification system for large projects which splits them between strategic and operational categories. Operation
risks create direct performance consequences for projects based on the model's findings but strategic risks influence the project's long-term objectives
and successful outcomes. The defined distinction serves project leaders to organize risk management procedures through strategic risk evaluation against
operational risk scales.

The risk classifications in industrial projects distinguish between controlled project factors and elements beyond organizational management. Project
design problems as well as organizational inefficiencies and bad management practices develop internal project risks. The external factors that pose risks
to projects consist of market conditions as well as natural disasters and regulatory shifts and political instability. Risks management requires proper
identification and strategic control to achieve project success together with long-term sustainability according to the authors of [31] and [38].

Project uncertainty together with project complexity and risk factors shape total project risks as studied by [39]. According to the authors of [39] project
complexity serves as an indicator that potential risks will increase in number. Project effectiveness depends heavily on the ability to determine risks
because uncertainty levels determine the capability to create risk plans and forecasts. Organizations must integrate risk management procedures which
address project complexity together with natural uncertainties [40].

Building delays frequently occur across industrial projects mainly due to inadequate planning standards along with miscommunications and insufficient
resource management practices. Multiple key delays emerge from poor site management together with contractor inexperienced staff and financial
problems along with material and labor shortages. Project costs together with scheduling get negatively affected by delays so proper risk assessment and
mitigation tactics must be implemented [41].

Literature shows that industrial projects facing big-scale initiatives demonstrate numerous kinds of risks during their execution timeline. Various risks
from within the organization and from external sources have a major impact on project duration along with cost escalation and final results success.
Projects can achieve their goals by using proper risk management approaches such as extensive risk detection and ongoing risk evaluation along with
correct response methods.

The process of managing risks plays a crucial role in industrial expansion projects.

Overview of the Steel Industry in India: The Indian steel industry developed its origins in early 1900s private sector operations. The steel industry now
holds the position of becoming the second-largest manufacturer worldwide [42]. The steel creation capacity of India increased from 22 million tons in
1991-92 to 106.5 million tons during 2018. The Indian steel industry expanded significantly because of National Steel Policies from 2005 and 2017 that
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steered the sector toward domestic independence as well as worldwide market success. According to the National Steel Policy of 2017 the main goal
centers on steel production of premium products with enhanced value that enables operational competitiveness against international rivals [43].

Key Players in India’s Steel Industry: Two distinct sectors control the Indian steel market: public and private. The production of steel in India is
substantially impacted by two major public sector entities known as Steel Authority of India Limited (SAIL) and Rashtriya Ispat Nigam Limited (RINL).
Leading market positions within the Indian private steel sector belong to TATA Steel and its competitors JSW Steel together with Jindal Steel & Power
Ltd. (JSPL). India’s economic reform of 1991 was followed by numerous steel plants which emerged or underwent expansion at this time even though
some facilities existed before the reform began. The steel facilities updated their production capacities and modernized their facilities through different
developmental stages in order to meet both internal market demands and global market needs [44].

Brownfield Expansion in Steel Plants: Numerous steel production facilities throughout India decided to enhance their operational capacity by
modernizing their current sites after liberalization introduced the brownfield expansion concept. The expansion strategy integrates constructing fresh
facilities alongside modernizing present facilities located inside the current plant grounds. This brownfield expansion strategy lessens risks from land
acquisition together with external socio-political factors yet generates its own hazards that exist during site redevelopment projects. Essential challenges
in this context are two-fold with the initial requirement being the handling of unanticipated ground conditions while addressing active facility power-
down requirements for new construction operations. The standard set of risks that appear frequently in brownfield developments need serious attention
in expansion planning [45].

Managing risks stands as a critical process in the expansion of industrial projects. The occurrence of risks in industrial projects produces major negative
effects on project objectives related to cost, time and quality parameters. According to the authors of [46] organizations need to handle risks properly
because doing so reduces possible losses and creates better profit outcomes. According to the authors of [47], successful project management requires
effective implementation of risk strategies because they both reduce threats and optimize opportunities while enhancing success outcomes. Industrial
projects tend to use formal risk management techniques at reduced levels because organizations lack qualified personnel capable of managing risks
according to the authors of [48].

Risk Response Strategies: Various strategic approaches exist to handle risks taking place in industrial endeavors. The basic project risk management
tools that experts recommend are avoidance, transfer, reduction then mitigation combined with acceptance of some risks. The authors of [49] and [50]
pointed out that project risk response strategies are usually applied together in order to tackle different aspects of risk. Implementation methods depend
on project characteristics as well as danger profile along with stakeholder operational limits.

Risk Response Strategies and Frameworks in Industrial Projects

Risk Response Overview: Industrial projects must properly react to risk elements to protect their successful outcomes and prevent potential threats from
undermining project cost, duration, or quality targets. Different risk management strategies exist for single elements of danger and complete project risks.
Project risk management approaches fall into two categories depending on the scope of the analyzed risk according to the authors of [6]. The risk
management strategies can be simplified as presented below.

e  The project team pursues two strategies either to eliminate risks or to modify project boundaries or scope in order to prevent risks.
e  The project risk management duty is transferred to an external party.
e  The plan aims to decrease the risk's chance of appearing and decrease its adverse effects on the project.
. Projects should officially identify risks while choosing to refrain from risk mitigation unless the threat actually appears.
If the risk exposure is very high the project may be terminated yet pursuing a project with built-in risks remains another option [6].

Risk Response Process: Risk response strategy selection requires organizations to evaluate three key elements which include implementation expenses
as well as project objective alterations and successful outcome probability. The risk management process must evaluate both existing secondary risks
alongside residual risks which might occur during primary risk response execution [51].

Risk Management Frameworks in Complex Projects: The authors of [52] developed a framework to handle international project risks particularly within
developing country contexts. The "Alien Eyes" model groups different types of risks into three fundamental levels that start from country-level and
progress to market-level and project-level risks. Different mitigation measures together with response actions exist within each risk category that offers
solutions to handle specific dangers across all levels. The risk management measures grouped into four categories of contractual provisions and managerial
actions and insurance and leadership actions according to the authors of [52].

Below is a summary of the response actions for each category, which can help guide risk management practices in large, complex industrial projects:

Categorized Risk Response Actions

Category of Response Mitigation Measures for Mitigation Measures for Mitigation Measures for
Actions Country-Level Risks Market-Level Risks Project-Level Risks
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Contractual Provisions

Develop clauses for delays,
payments, and dispute settlements

Hedging for exchange
rates, clauses for inflation

Escalation clauses,
compensation for delays

Development of
Systems & Procedures

Feasibility reports, site
investigations

Regular factory checks,
market studies

Control procedures,
preventive measures

Managerial Actions

Set up contingency plans, monitor
political changes

Engage consultants for
market forecasts

Monitor construction
activities, set aside budgets

Leadership Actions

Maintain good relationships with
local governments

Build trust with local
partners

Ensure skilled staff and
compliance with regulations

Knowledge and Skill

Training for staff, contract

Provide intellectual

Technology transfer training

Actions translation property rights training

According to the authors of [53], the integration of [52] framework demonstrates weak risk management connectivity. The authors of [53] indicated that
a complete risk management framework should include elements for identifying risks and conducting their analysis along with developing appropriate
responses. A longer framework incorporates risk mapping and decision trees for guiding risk management as its operational elements. The approach
consists of performing detailed surveys to reduce scope changes while selecting proper technology and making contingency plans for risk management
purposes [53].

Extended Risk Response Actions and Categories

Risk Response Actions Category

Carrying out detailed surveys to minimize scope changes Managerial Actions

Selecting technology based on expertise of consultants Leadership Actions

Executing according to the selected methodology Managerial Actions

Selecting qualified contractors and vendors Leadership Actions

Scheduling the project considering seasonal factors Managerial Actions

Planning for contingencies and acquiring insurance Contractual Actions

Ensuring availability of statutory clearances before execution | Leadership Actions

Determining the approaches for risk management in industrial projects depends on critical response elements. Both human elements and systematic
factors direct the decision-making process for selecting proper response solutions. Risk response actions in industrial sectors combine technological
implementation with leadership decisions and managerial decisions and systemic steps that focus on contractual elements and process improvements and
existing project information [54].

Human Response Factors (HRF): Project managers and project teams utilize their specific competent skills and abilities to choose and execute risk
response actions which make up human response factors (HRFs). Decision-making depends heavily on these key elements when industrial risk
management takes place. Key HRFs include:

A project manager needs knowledge and practical experience in their assigned sector technological field to perform effectively. Technical knowledge
enables the selection of suitable risk reduction strategies because of deep understanding of details.

Successful risk response demands manager competence in project planning as well as organizational control and scheduling functions. The application
of strong management capabilities enables efficient resource distribution and chronological project meeting obligations.

Project management leadership qualifies directly through three core competencies of decision-making abilities and communication skills and motivational
abilities to handle risks efficiently. Efficient leadership enables the project team to stay united and maintain focus toward risk management targets [55].

Systemic Response Factors (SRF): The project structure contains systemic response factors (SRFs) which include these systems together with processes
and data that lead project teams toward their response actions. These factors include the following:

Project Systems as well as Procedures deliver vital functions during risk management such as monitoring progress and selecting vendors while also
managing changes and approvals and handling payments. Project systems robustness determines the success rate of risk responses.

Project contracts together with specifications establish legal risk management procedures through their contractual provisions. The definition of clear
contracts establishes specific processes for dealing with multiple risks which may appear throughout project development.

Project operation effectiveness stems from the quality and accessibility of data through information systems as management tools for industrial risk
mitigation. Temperature and timely data allows organizations to assess assets correctly while developing strategic response strategies [38].
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Interaction of Human and Systemic Response Factors: Project stakeholders base their risk response decisions on components from both human
personnel and established system frameworks. Program managers and teams should focus on their abilities and skills through human response factors
while systemic factors require established processes and clear contracts and information systems. The specific conditions of the project together with the
nature of the risk determine the relative power struggle between human and systemic response elements [56]. The selection method of appropriate
responses in high-complexity projects depends heavily on technical competency combined with information systems but projects demanding strong
collaboration demand leadership and communication as main selection criteria.

The process of risk response needs careful consideration during brownfield expansion projects: Industrial expansion strategies mainly use brownfield
development to progress steel industries as well as other industries. Operational plant boundaries limit brownfield expansion activities that add new
facilities while modernizing existing facilities through an approach that creates particular risks. The project risks of brownfield development differ from
Greenfield ventures because they require managing existing infrastructure alongside minimal space provisions together with ongoing operational
interruptions. Brownfield project risks consist of three key elements which include unknown underground circumstances together with the necessity of
halting operational facilities and the process of combining modern and old systems [57].

Various industries already have ample written material about risks yet brownfield projects lack evaluation of specific risk response effects in their research.
Multiple characteristics of brownfield development could require specific risk response factors to have increased impact on project success. The
investigation of human and systemic risk management factors in brownfield projects requires attention for a comprehensive assessment of project
outcomes.

Concept of Complexity in Industrial Projects

Understanding Complexity in Projects: Project-related complexity concepts show substantial development because of competing definitions derived
from complexity theory research. Experts and researchers continue to dispute various interpretations of “complexity" because the understanding of this
term depends on each person's background and perspective [58]. The widespread adoption of the notion has led the authors of [59] to observe that people
now use it in multiple variants which stem from their distinctive life experiences and particular situations. Before applying complexity to project
management and industrial initiatives it becomes crucial to achieve full comprehension of complexity itself.

The first recorded definition of complexity pertains to systems composed of multiple components which exceed basic simplicity according to the Oxford
Dictionary. Two essential features stand out in this fundamental definition: it demonstrates multiple interactive elements as well as complex connections
between them. The complexity stands defined through its multiplicity of components along with their non-linear connecting relations [58].

Complexity Frameworks: The authors of [60] introduced a complexity matrix to system classification that includes four categories ranging from simple
to complicated, complex and chaotic. Complexity classification systems depend on how certain stakeholders are about outcomes and how much agreement
exists between different stakeholders. Different decision-making approaches with distinct strategies are required for every category in this classification
system. Systems showing high uncertainty together with stakeholder disagreement require leadership decisions that adapt to changing circumstances [60].

The Cynefin Framework presented by the authors of [61] advances understanding by dividing systems into five contexts namely simple, complicated,
complex, chaotic, and disorder. A decision-making tool enables professionals to recognize various forms of complexity so they can select proper response
approaches. A leader must adapt their problem-solving methods to include innovative techniques when handling situations that exhibit unpredictable
elements and display emergent patterns along with competing ideas [61].

Complexity Theory in Industrial Projects: The core principle of complexity theory according to the authors of [59] examines the emergence of structure
and order within disorderly systems combined with basic principles that produce complex outcomes. Complexity theory emerged from natural science
research yet researchers have started using it to evaluate industrial and economic systems whose dynamic operational relationships determine evolving
project results [62]. This concept plays an essential role in analyzing why unpredictable issues emerge from industrial projects containing various
interconnected elements.

Managing Complexity in Industrial Projects: To effectively control project complexity within industrial environments one must handle both framework
factors and behavioral characteristics of systems. System complexity grows from challenges in forecasting how connected elements function together
since components evolve during time intervals as explained by the authors of [63]. Decision-making processes in industrial projects become more complex
because these projects incorporate various technologies and market elements and regulatory requirements. Project managers need to use systems thinking
for anticipating and reducing project risks that stem from complex elements [64].

Attributes of Complexity in Industrial Projects: The authors of [65] established that the number of elements involved along with stakeholder goal
diversity and element relationship quality form the essential indicators of project complexity. Multiple elements and complex stakeholder objectives with
their connected relationships enhance the challenge for both understanding and management of industrial projects during dynamic changes. The
continuous adaptation of flexible decision-making strategies becomes essential for industrial project management because market conditions
technological innovations and social factors experience persistent evolution [65].

The complexity feature inherently exists within projects of large industrial scale. These projects become difficult to handle because they consist of
multiple diverse parts that interconnect and undergo dynamic changes. Literature demonstrates that industrial projects deal with complexity because of
element interactions as well as unpredictable project results and the total number of participating components. Knowledge of complex systems and proper
decision models represent fundamental requirements for industrial project success.
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Scale in managing industrial projects represents a core management challenge when multiple dependent factors operate within changing environments.
Project management literature covers “"complexity" terms extensively yet different interpretations exist about its definition. Numerous scholars from both
expert industry backgrounds and academia agree that project complexity develops as projects grow larger and stakeholders develop higher expectations
and as projects become harder to maintain their interdependent components [55] [62]. The management of complex situations produces essential
outcomes for industrial projects.

Defining Complexity in Industrial Projects: The complexity theory possesses multiple facets. The Oxford Dictionary defines complexity through two
aspects noting how it comprises "“two or more parts or not simple" elements while reflecting intricate combinations between these elements. An industrial
project becomes complex due to technical along with organizational and environmental aspects affecting its ability to fulfill objectives [66] [67]. Project
complexity can be better understood using Goal-Method Matrix [68] because this framework allows classification based on the degree of goal and method
clarity. Projects that maintain clear targets together with set procedures operate at a lower complexity level but incomplete direction produces heightened
project uncertainty and complexity.

Key Dimensions of Project Complexity: The authors of [69] explained complexity as the installation of multiple linked items which researchers split into
organizational elements and technological components. The core structure of project elements combined with internal organizational relationships
generate organizational complexity while technological complexity emerges from the technical obstacles throughout the project [62]. Deciding project
goals and determining its evolution emerges from the way different complex factors join or oppose one another. Project activities follow the principles
of production processes and require cohesive workflow organization to prevent conflicts thus ensuring achievement of desired project results according
to the authors of [70].

Uncertainty and Structural Complexity: According to the authors of [71] uncertainty plays an essential role as a component of project complexity.
Several forms of uncertainty emerge in projects including structural uncertainty that offers prediction difficulties about system component interactions
and operational uncertainty stemming from market changes and technological problems. Industrial projects endure intensive uncertainty in both forms
which complicates their overall management process [64].

ARESS (IC-CIST 2025)

Dynamic Nature of Projects and Stakeholder Interaction: According to the authors of [72] projects maintain their status as dynamic systems which
function within non-linear environments. Stakeholders work together despite their conflicting goals toward the completion of successful projects. Project
complexity increases when stakeholders work together because it creates challenging negotiations and extensive decision-making procedures according
to [61]. The analysis shows that proper leadership requires an understanding of stakeholder relationships and strategic adjustments to achieve clear project
communication goals.

Categorizing Complexity in Projects: Research by [73] established industrial projects contain five fundamental dimensions of complexity based on task,
social, cultural, operative and cognitive characteristics. The scope of complexity involves two parts: technical and organizational challenges that make
up task complexity and the number and diversity of stakeholders that create social complexity. Project complexity emerges as people with different
backgrounds create cultural diversity in addition to stakeholders having unique mental perceptions about the project [71]. Operative complexity
determines the amount of freedom stakeholders possess to manage and control project operations. Project management needs complex approaches because
these different dimensions create a complete understanding of project complexity.

Integrated Framework for Assessing Complexity: The authors of [74] presented an integrated method to evaluate complexity with five measurement
categories consisting of structural aspects, uncertainty levels and dynamical aspects and procedural speed and socio-political elements. Through their
framework project managers gain knowledge about different aspects of complexity that must be managed throughout the entire project lifecycle. Multiples
dimensions in this assessment framework influence one another through their combined effect to create total project complexity that produces substantial
impacts on results [66].

Recent Developments in Complexity Research: Research in recent times has developed advanced knowledge about industrial project complexity
dynamics. The authors of [75] established 76 complexity indicators that divided into external and internal factors through their creation of a composite
complexity index for complexity management. The project’s risk profile receives its contribution from four primary factors which include technological
complexities alongside organizational complexities and environmental complexities and goal-related complexities [76]. The authors of [76] conducted a
complexity analysis which identified 37 indicators distributed across 23 attributes belonging to 11 group classifications for industrial projects evaluation.

Various industry analyses establish workplace safety and productivity as connected factors because research findings confirm the necessity of maintaining
solid safety systems at work. A number of studies prove that workplace safety results from safety measures which generate productivity. When quantities
of accidents decrease simultaneously with reduced downtime it creates a better work environment while the workplace remains safer. Preventive measures
applied in two workplace assessments demonstrated a 45% decrease in work injuries but safety measures in a different setting produced a 30% increase
in workplace efficiency according to the authors respectively [77] [78].

Different framework has been developed under the name Theoretical Assessment Models (TAM) which measures risks along with evaluating outcomes
across different domains. The literature focuses on establishing standardization methods for TAM to investigate potential risks that improve business
safety processes [79]. The adoption of TAM remains understudied in complete form by researchers who aim to unite safety and productivity outcomes.
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Heinrich’s theory explains that workplace accidents develop through successive actions and implementing safety measures to stop this process will lead
to a major reduction of work-related incidents. In the current 21st century the original logic of this theory still guides many safety practices which are
implemented today.

Research expansion has followed by subsequent scientific investigations that merged safety program frameworks with organizational risk assessment
methods. The authors of [80] demonstrated that risk management systems serve as foundational tools for building organizational safety cultures which
involve whole-spectrum employee participation in risk handling processes. The authors emphasize that leader dedication together with employee active
involvement generates both safety achievements and productivity outcomes.

Multinational industries implement Failure Mode and Effects Analysis (FMEA) [81] and Hazard and Operability Study (HAZOP) [82] assessment
methods to discover operational hazards that might harm their systems. HAZOP stands as different from FMEA because it focuses on detecting process
or system deviations along with their origin to recognize existing risks while FMEA establishes processes to prevent possible failures in operations. The
two security methods have proven effective at maintaining workplace safety and avoiding business interruptions.

A set of established safety frameworks in the hardware sector provides complete guidance for safety management implementation according to the
Occupational Safety and Health Administration (OSHA) [83] and the International Organization for Standardization’s ISO 45001 standards [84]. These
frameworks achieve continuous monitoring as part of their approach while also including staff training and security practice implementation throughout
the organization. The authors of [85] presented series programs for safety and health management that verify these constructs as an effective safety
mechanism for workplace accidents reduction.
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Organization safety improvement comes from three innovative solutions: wearable protective equipment and real-time observation tools and predictive
modeling capabilities. The authors of [86] discovered that technology-based safety solutions improve both accidents at work and employee confidence
and job satisfaction numbers.

Laboratory data about workplace safety has received extensive attention in research but scientists still lack an understanding of how subtle safety-related
interactions influence productivity results. Current research fails to explain the relationship between organizational culture together with leadership style
and employee perception toward compliance with safety protocols. The research demands investigations regarding the econometric returns of safety
investments in high-risk operations over extended periods.

This review builds up a solid research base by combining important literature findings along with identifying unaddressed gaps in scholarly knowledge
to support current research. The analysis of workplace safety measures through TAM is possible by leveraging these acquired insights from this section.

5. Conclusion

Effective risk management stands as a mandatory element to achieve success in industrial projects. The combination of Safe Work Analysis (SWA) and
Hazard Identification and Risk Assessment (HIRA) Matrix serves as essential tools which help organizations to discover hazards and minimize risk to
achieve safer operations. This paper demonstrates the necessity of implementing these frameworks as cultural elements to build organizational safety
strategies which are proactive. Modern industrial projects require organizations to develop perpetual improvements in their risk management systems
because these formal evaluation tools fall short in the face of industrial complexity. Research needs to advance these risk management systems through
continued development to expand their use across different industrial sectors where project complexity remains an ongoing concern. The implementation
of these risk management frameworks helps industrial projects reduce both hazards while achieving better project success.
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